Oilseed rape (Brassica napus L.) is an important oilseed crop worldwide. The objective of this research was to study the genetic diversity and relationships of B. napus accessions using simple sequence repeat (SSR). A set of 217 genotypes was characterized using 37 SSR markers of mapping on the B. napus genome. The detected alleles were 2 to 11 at each of the 37 markers, with an average of 5.29 per marker. Unweighted pair group method with arithmetic mean (UPGMA) clustering enabled the identification of two general groups with increasing genetic diversity as follows: (1) group I was further divided into three groups (A, B and C), group A included 121 accessions, and consisted of the yellowseeded and black-seeded cultivars and breeding lines. The group B included 70 accessions and consisted mainly of the yellow-seeded cultivars and breeding lines, which were mostly cultivated in China. The group C included 10 accessions and consisted of the black-seeded cultivars and breeding lines with low levels of erucic acid. (2) Group II included 16 accessions consisted mainly of breeding lines and German cultivars, which were black-seeded lines with high levels of oleic acid (>80%) and low erucic acid and seed glucosinolate. The grouping of accessions by cluster analysis was generally consistent with known pedigrees, which included the grouping of lines derived both by backcrossing or self-pollination with their parents. The molecular genetic information gained enables also help breeders and geneticists to understand the structure of B. napus germplasm and to predict which combinations would produce the best off-spring which is potentially interesting with respect to increasing heterosis in oilseed rape hybrids.
INTRODUCTION
Oilseed rape (Brassica napus, genome AACC, 2n = 38) is the most important source of edible vegetable oil in China and the second most important oilseed crop in the world after soybean. It originated in a limited geographic region through spontaneous hybridizations between turnip rape (Brassica rapa, AA, 2n = 20) and cabbage (Brassica oleracea, CC, 2n = 18) genotypes (Kimber and *Corresponding author. E-mail: ljn1950@swu.edu.cn. Tel: +86-23-68251950. Fax: +86-23-68251950. McGregor, 1995) . Like most agricultural crops, the first step in Brassica improvement is full assessment of the local materials, including collection, evaluation and molecular characterization of germplasm lines. Usually, local varieties of oil seed crops are of excellent quality and flavor also have a good level of resistance to pests and diseases and may be superior to exotic materials. So, the enhancement of genetically diverse gene pools is an essential requirement in plant breeding.
However, the challenges that face modern plant breeders are to develop higher yielding, nutritious and environmentally friendly varieties that improve our quality of life without harnessing additional natural habitats to agricultural production (Zamir, 2001) . Without a broad base of heterogeneous plant material, it is impossible for plant breeders to produce cultivars that meet the changing needs regarding adaptation to growing conditions, resistance to biotic and abiotic stresses, produce yield or specific quality requirements (Friedt et al., 2007) . Therefore, the most efficient way to further improve the performance of crop varieties is to access to large diverse pool of genetic diversity. Moreover, information on the genetic diversity of B. napus germplasm collections can provide breeders and geneticists important information on the allelic diversity present in B. napus materials and may help to identify genetically diverse pools for use in cross combinations to improve important agronomic traits or to better exploit heterosis (Diers and Osborn, 1994) .
Traditionally, morphological, phenological and agronomical traits have been employed as criteria for the introgression of new variation into oilseed rape breeding lines. In comparison with other molecular marker techniques, simple-sequence repeat (SSR) markers are numerous, highly polymorphic and informative, codominant, technically simple, reproducible and relatively inexpensive when primer information is available. Furthermore, SSR markers often occur in gene-rich genome regions, increasing their potential relevance for allele-trait association studies in well-characterized genome regions containing quantitative trait loci. SSR markers have been widely used in diversity studies in maize, rice and tomatoes (Reif et al., 2006; Vigouroux et al., 2005; Warburton et al., 2005; Olsen et al., 2006; Caicedo et al., 2007; Bredemeijer et al., 2002 ) . It has been proven that SSR markers are useful for genetic diversity and structure studies of Brassica. Fu and Gugel (2010) studied the genetic diversity of 300 plants by employing 22 SSR primer pairs from eight linkage groups, detecting 88 polymorphic loci. The genetic diversity in Australian canola cultivars were analysed by using 18 SSR primer pairs, which produced 112 polymorphic loci (Wang et a., 2009) . By using 15 SSR markers with known locations on the Brassica A, B, and C genomes, Pradhan et al. (2011) assessed genetic diversity of 180 Brassica nigra (L.) Koch genotypes from 60 different accessions. Soengas et al. (2011) also established the genetic relationship among eight populations and studied the genetic structure by analyzing the polymorphic alleles of 18 SSR markers.
The objectives of this study were to use a set of SSR markers to detect DNA polymorphism among cultivated B. napus accessions and the genetic diversity B. napus accessions appropriately. This will provide useful information for Brassica breeding program in the future.
MATERIALS AND METHODS
The plant materials for this study comprised 217 genotypes, which were selected and used for rapeseed breeding lines or hybrid breeding. Most of the 217 accessions were selected by the Rapeseed Engineering Research Center of Southwest University in Chongqing or provided by different breeding institutes in China. Some of these have consistent pedigrees, which were derived both by backcrossing or self-pollination with their parents. The other was widely grown in German. The accessions investigated and their origins are listed in Table 1 . Although they had a little range of morphological types and geographical origins, there were many hybrid rapeseed with higher yield and quality from these accessions and widely cultivated. All genotypes were grown in Beibei, Chongqing, China, in the growing seasons of 2009 and 2010.
DNA extraction
The plants of all accessions were cultivated for one month in the field. Leaves from 3 to 5 seedlings for each accession were pooled together for DNA isolation. Genomic DNA was extracted according to the protocol of Doyle and Doyle (1990) with some modifications. The concentration and purity of each DNA sample were measured using a GeneSpec I spectrophotometer at wave-lengths of 260 and 280 nm quantified by visual comparison to λ DNA standards on ethidium bromide-stained agarose gels.
SSR assays
We used 37 SSR markers that were selected genome wide primer combinations, and then analyzed the genetic diversity which were selected from the collection available in the public domain obtained from Table 2 .
Polymerase chain reactions (PCR) were performed in 96-well plates with a volume of 10 µL. The composition of the mixture was as follows: 20 ng/µL of DNA template, 0.5 pmol of each primer, 0.2 mM dNTP mix, 2.5 µL 10×PCR reaction buffer (with 15 mM MgCl2) and 0.5 U of Taq DNA polymerase (TransGen Biotech, China). PCR was carried out in PTC-100 and PTC-200 thermo cycler with the following program: 94°C for 5 min; 35 cycles with 94°C denaturation 45 s, annealing for 45 s, 72°C elongation for 1 min, elongation for 10 min (Table 2 ). All PCR products were detected using nondenaturing polyacrylamide gel electrophoresis (10% polyacrylamide) using DYCZ-30 electrophoresis cell and silver staining (Zhang et al., 2002) .
Analysis of genetic relationship
The analysis of genetic diversity was based on discrete variables of binary data matrix that consist of the presence (1) and absence (0) of an allele per SSR locus for each accession. Additionally, we estimated genetic diversity (D) for each SSR locus using the formulas: Di =n (1−ΣPij2)/n−1, where n is the number of accessions analyzed, and Pij is the frequency of the jth allele for the ith locus across all alleles at loci. Average marker diversity (D) was estimated as D = ΣDi/r, where r was the number of loci analyzed. To detect the relationship between accession studied, we estimated the genetic similarity according to Jaccard's coefficients from the alleles across all the loci in the 217 accessions using the formula: J = Nij/ (N−N00), where Nij was the number of shared alleles in both accessions i and j, N was the number of all alleles across all accessions investigated, while the N00 was the number of alleles present neither in accession i nor in accession j. In addition, to investigate the relationship between accessions, a dendrogram based on similarity coefficients, was constructed with the unweighted pair-group method with arithmetic averages (UPGMA; Sneath and Sokal, 1973) . The estimation of genetic diversity and the cluster analysis were performed using NTSYS-pc software package (Rohlf, 2005) .
RESULTS

Assessment of polymorphism by SSR markers in B. napus accessions
The markers covered each of the linkage groups according to previous research done in B. napus (Lowe et al., 2004; Piquemal et al., 2005; Long et al., 2007; Suwabe et al., 2006 Suwabe et al., , 2008 Cheng et al., 2009) . Among the 37 primers used in the present study, a total of 117 scorable polymorphic loci with 196 alleles were amplified in the 217 genotypes. The polymorphic loci gave unique genetic fingerprints for all 217 accessions. Eight primers yielded on average minimum number of bands (1.00), while primers BRMS324 and EJU5 yielded maximum (7.00) number of alleles per genotype on average ( Table 2 ). The average number of alleles per loci was 5.29. Level of polymorphism rate were calculated and observed in this study, it was in the range of 16.67 to 100.00%.
Genetic relationship of B. napus accessions
Genetic similarities among accessions were estimated based on Jaccard's similarity (1908) . An UPGMA phenogram was constructed for all 217 accessions and the similarity coefficient ranged from 0.00 to 0.91. Then 217 accessions were classified into two groups at the similarity coefficient 0.04 (Figure 1 ). Group I included 201 accessions, group II included 16 accessions consisting mainly of breeding lines and German cultivars, which were black-seeded lines with high levels of oleic acid (>80%) and low erucic acid and seed glucosinolate. The grouping of accessions by cluster analysis was generally consistent with known pedigrees. Moreover, the group I was further divided into three groups with a genetic similarity coefficient of only around 0.18 (A, B and C). The first group A included 121 accessions and consisted of the yellow-seeded, black-seeded cultivars and breeding lines. The second group (B) included 70 accessions and consisted mainly of the yellow-seeded cultivars and breeding lines, which were mostly cultivated in China. The group C included 10 accessions and consisted of the black-seeded cultivars and breeding lines with low levels of erucic acid. The group A was also further divided into three subclusters. The first group I consisted of yellow-seeded cultivars and breeding lines with the high or low levels of erucic acid, seed glucosinolate and arachidonic acid. The second group consisted of low levels of erucic acid with the yellow-seeded or black-seeded cultivars and breeding lines. The near-isogenic lines or the derivation of offspring of Zhongshuang No.9 were located on this region between the L394 and the P78 (Figure 1 ). The last group included the high levels of erucic acid, seed glucosinolate and arachidonic acid. In addition, the group B was further divided into two groups including the 38 and 32 accessions, which each showed a similarity index of around 0.24 to their respective cluster. The first group consisted mainly of the local cultivars and breeding lines with low levels of erucic acid and arachidonic acid derivation from the GH01. While the second group included 32 accessions with high levels of erucic and arachidonic acid.
DISCUSSION
In our study, the 37 SSR markers showed sufficiently high sensitivity to detect DNA polymorphisms among the 217 B. napus accessions. The results obtained in this study will also demonstrate that SSR markers can be suitable and efficient tool for genetic characterization of many plant species including oilseed rape (Hasan et al., 2006 , Naito et al., 2008 . The SSR markers information could provide a useful starting point for structure-based association analyses of phenotypic traits in this B. napus core collection and the theoretical basis for the hybriddization and selecting parents in oilseed breeding programs. Local materials, including collections, evaluation and molecular characterization of germplasm lines were also the mainly genetical resources of parental varieties to oilseed rape breeders. Some previous reports have also deeply researched Brassicaceae, such as the differences between the spring and the winter of oilseed, the China and Europe accessions (Hu et al., 2003 , Hasan et al., 2006 , significant yield increases in spring oilseed rape hybrids (Butruille et al., 1999; Cruz et al., 2007; Quijada et al., 2004; Udall et al., 2006) and genetic diversity of rapeseed cultivars and germplasm (Ahmad et al., 2011; Ana et al., 2011; Moghaddam et al., 2009 ). Moreover, knowledge about germplasm diversity and genetic relationship among local cultivars and the main breeding lines could be an invaluable aid in crop improvement strategies.
In our study, the grouping of accessions by cluster analysis was generally consistent with known pedigrees. This consistency included the grouping of lines derived both by backcrossing or self-pollination with their parents. First, the most accessions were classified into group I, including both the higher or lower levels of erucic acid, seed glucosinolate and arachidonic acid of yellow-seeded and black-seeded cultivars and breeding lines or the local cultivars and the near-isogenic lines of Zhongshuang No. 9 and GH01. They have been developed from cultivars of diverse origins. Some lines are sister inbred lines developed from the same F 2 population. Secondly, group II consists mostly of black-seeded lines with high levels of oleic acid (>80%) and low erucic acid and seed glucosinolate. The few materials in cluster II originated from Germany cultivars, such as L198, L199, L200 and L201 (Figure 1) . The results obtained herein therefore indicate that SSR markers are effective and useful for analyzing the genetic diversity of B. napus genetic resources. Many other authors have also reached similar conclusions on the use of SSR markers in the breeding of rapeseed (Cruz et al., 2007; Li et al., 2011; Hasan et al., 2006; Tommasini et al., 2003) .
In addition, the findings of this preliminary study indicate that a set of microsatellite primers could be used for several important aspects of various breeding strategies, example organizing the germplasm of oilseed genetic resources, identification of cultivars, selecting appropriate parents for B. napus hybrids and for monitoring hybridity level, and ultimately to assist the development of molecular markers for marker-assisted breeding. Genome-wide SSR marker data described in this work provides a useful starting point for structurebased association analyses of phenotypic traits in this B. napus core collection.
